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I N SETTING up ante of mice to dominated the controls for study (I 2) of the role of the adrenal cortex on resisthypoxia 9 it became apparent that temperature effects at times picture. The further study of these effects is here recorded.
METHODS
2Mice. Mice were exposed in individual compartments of decompression chambers at temperatures constant to +0 .25"C.
and pressures controlled to rfr2 mm. Hg. Body temperatures were measured by copper-constantan thermocouples in the rectum. Mice, fasted 4-6 hours, were placed in the decompression chambers for 30 minutes to allow temperature equilibrium and then the pressure was reduced gradually, critical levels being reached in from 90-120 minutes. Death, as determined by the last respiration, was the endpoint, and the atmospheric pressure or equivalent altitude (3) at which this occurred was considered to be the hypoxic ceiling for the animal in question.
Dogs. Dogs breathed low-oxygen gas mixtures flowing through a mask at a rate which prevented significant rebreathing. Rectal and brain temperatures were recorded using copper-constantan thermocouples. The brain thermocouple was inserted into the parietal area, several days before the hypoxic test and the leads brought out through the skin. At the time of the test, the leads were soldered to the potentiometer.
Hamans. Human subjects were exposed to hypoxia by breathing gas mixtures while sitting in a cool room. A standard uniform of light underwear, socks, mitts and hood covered all parts of the body except the face. Temperatures were recorded from the rectum by thermocouple and from the skin of the forehead, arm, thigh, calf, ankle and three points on the trunk by thermocouple and/or radiation pyrometer. Subjects breathed through a face mask connected to an Q-liter closed system by a valved circuit. Carbon dioxide was absorbed with soda lime. Respiratory air flow, respiratory rate and oxygen consumption were recorded. Oxygen could be added to the system at controlled rates to maintain or change the content as desired.
RESULTS
Wce. As determined on 54 mice, hypoxia (250 mm. Hg pressure or less) causes mice to become almost completely poikilothermic; between 4' and 24OC. rectal temperatures of mice exposed to hypoxia as described were on the average less than hypoxic ceiling to 43,000~54,000 feet (I 20-70 mm. Hg). As the temperature decreased below IS'C., the resistance to hypoxia decreased. Dogs. In five experiments in which dogs were exposed to hypoxia at environmental temperatures of 12' -25'C., the body temperature regularly declined as the oxygen content of the inspired air fell below IO per cent until at 6 per cent the average fall was 1.34'C. for rectal and 1.33'C. for brain temperatures; the falls were not less than I.o'C.
and they occurred within 30 to 60 minutes after reaching IO per cent oxygen.
Controls breathing normal air showed at the end of three hours a fall in rectal temperature of less than 0.25OC. Shivering which occurred in controls in normal air was regularly inhibited in the hypoxic group when the oxygen content control conditions. Peripheral vasodilatation also plays a role; not only did the skin temperatures of hypoxic man stay above those of controls, but peripheral pulses and increased pulse pressures were noted. In independent unpublished experiments, increased peripheral flow to the lower leg was demonstrated in man during hypoxia by direct plethysmography.
There have been numerous reports of loss of homeothermy in laboratory animals during exposure to hypoxia (I, 2, 4-10, 13, 14, IS) .
The striking protection against death at altitude which is afforded by drop in the body temperature of mice would seem to be due to the decreased oxygen demand at lower body temperatures and has a parallel in the increased altitude tolerance of thyroidectomized animals (16) . In man, however, a decrease in body temperature is associated with decreased mental ability (II) and would, therefore, not be desirable in situations where he must think and act.
SUMMARY
Hypoxia decreases the ability of mice, dogs and men to control body temperature during exposure to cold. The loss of temperature control and fall in body temperature is most marked in the mouse and least marked in man. Hypoxia inhibits shivering in all three species studied. In man exposed to cold the suppression of an increased oxygen consumption by the hypoxia was demonstrated. In addition to this effect of hypoxia on heat generation it was also shown for man that hypoxia results in a greater dissipation of heat from the skin in a cold environment. Decreased environmental and body temperature favored survival of mice exposed to progressive hypoxia; between 37OC. and 2o°C., the survival ceiling increased approximately IOOO feet per IOC. drop in temperature.
